In this paper, we are concerned with the existence and uniqueness of solutions for impulsive fractional integro-differential equation of mixed type with constant coefficient and antiperiodic boundary condition. Our results are based on the Banach contraction mapping principle and the Krasnoselskii fixed point theorem. Some examples are also given to illustrate our results.
Introduction
Fractional differential equations appear naturally in a number of fields such as physics, chemistry, electromagnetic, engineering, control, and other branches; see [-] and the references therein. Fractional differential equations have recently gained much importance and attention. The study of fractional differential equations ranges from the theoretical aspects of the existence of solutions to the analytic and numerical methods for finding solutions.
Impulsive differential equations arising from the real world describe the dynamics of processes in which sudden discontinuous jumps occur. Such processes are naturally seen in physics, engineering, biology, and so on. Due to their significance, it is important to study the solvability of impulsive differential equations. Impulsive differential equations of fractional order have not been much studied, and many aspects of these equations are 
is given by
where E q and E q,q are the so-called classical and generalized Mittag-Leffler functions.
More recently, Wang and Lin [] studied antiperiodic boundary value problems for impulsive fractional differential equations with constant coefficients
, and the fixed impulsive times t k satisfy  = t  < t  < · · · < t m < t m+ = . By means of fixed point theorems, some sufficient conditions on the existence and uniqueness of solutions for problem (.) are established under Lipschitz and nonlinear growth conditions. Motivated by the works mentioned and many known results, in this paper, we are concerned with the existence and uniqueness of solutions for impulsive fractional integrodifferential equation of mixed type with constant coefficients and antiperiodic boundary condition 
At present, the concept of solutions for impulsive fractional differential equations has been argued extensively. There are some ways to consider the notion of solution for impulsive fractional differential equations; for example, see [-] . In this paper, we adopt the formula of the solution in Lemma ., which comes from [] . This paper is arranged as follows. In Section , we present some definitions and preliminary lemmas. In Section , we establish the existence and uniqueness of solutions for the boundary value problem (.) by using the Banach contraction mapping principle and Krasnoselskii fixed point theorem. Some illustrated examples are presented in Section .
Preliminaries and lemmas
Then PC(J, R) is a Banach space with the norm u PC = sup{|u(t)| : t ∈ J}. For a measurable function μ : J → R, define the norm
The fractional integral of order α with lower limit zero for a function f : [, ∞) → R is defined as
provided that the right-hand side is pointwise defined on [, +∞).
Definition . ([])
The Caputo derivative of order α for a function f : [, ∞) → R can be written as
where [α] denotes the integer part of α.
that is, Definition . is just the usual Caputo fractional derivative. In this paper, we consider an impulsive problem, so Definition . is appropriate.
Lemma . ([])
The nonnegative functions E q and E q,q given by
have the following properties:
Moreover,
Lemma . ([]) Let M be a closed, convex, and nonempty subset of a Banach space X, and let A, B be operators such that:
A is compact and continuous.
() B is a contraction mapping. Then there exists z ∈ M such that z = Az + Bz.
Lemma . ([]) Let X be a Banach space, and let J = [, T]. Suppose that W ⊂ PC(J, X) satisfies the following conditions:
() W is a uniformly bounded subset of PC(J, X).
Then W is a relatively compact subset of PC(J, X).

Lemma . ([]) Let h : J → R be a continuous function. The function u given by
is a unique solution of the impulsive problem
It follows from Lemma . that the solution of (.) can be expressed by
Main results
Theorem . Assume that conditions (H  )-(H  ) hold:
where L j = max{L j (t) : t ∈ J}, j = , , , k  = max{|k(t, s)| : (t, s) ∈ D}, and h  = max{|h(t, s)| :
Then the boundary value problem (.) has a unique solution.
.
Define the operator F : B r → PC(J, R) by
First, we show that F(B r ) ⊂ B r . For any u ∈ B r and t ∈ J, by Lemma . we have
s, u(s), Tu(s), Su(s) ds
≤  | + E q (-λ)| m i= |I i (u(t i ))| |E q (-t q i λ)| +  (q)   ( -s) q- f
+ m i= |I i (u(t i ))| |E q (-t q i λ)| +  (q) t  (t -s) q- f
Hence F(B r ) ⊂ B r . Next, we show that the operator F is a contraction mapping. For any t ∈ J and u, v ∈ B r , we obtain
s, u(s), Tu(s), Su(s) -f s, v(s), Tv(s), Sv(s) ds
-E q -t q λ m j=k+ I j (u(t j )) -I j (v(t j )) E q (-t q j λ) + t  (t -s) q- E q,q -(t -s) q λ f
Then from the Banach contraction mapping principle it follows that problem (.) has a unique solution. This completes the proof.
Theorem . Assume that condition (H  ) and the following conditions (H  )-(H  ) hold:
Then the boundary value problem (.) has at least one solution.
Proof For r > , the set B r = {u ∈ PC(J, R) : u PC ≤ r} is a bounded closed convex set in PC(J, R). Define the operators P and Q on B r as
By (H  ) and the Hölder inequality, for any u ∈ B r , we have
Similarly, we have
Next, we show that there exists r  >  with Pu + Qv ∈ B r  for u, v ∈ B r  . If this were not true, then, for each r > , there would exist u r , v r ∈ B r and t r ∈ J such that |(Pu r )(
Dividing both sides by r and taking the lower limit as r → +∞, we obtain For all t ∈ J and u, v ∈ B r , we get
The continuity of f implies that the operator P is continuous. We now prove that P is a compact operator. Following the procedure used in the first part of Theorem ., it follows that P(B r ) is uniformly bounded on PC(J, R). We now show that P(B r ) is equicontinuous on J k (k = , . . . , m). Let = J × B r × TB r × SB r and f = sup (t,u,Tu,Su)∈ |f (t, u, Tu, Su)|. Then, for any t k < τ  < τ  ≤ t k+ , we have
By Lemma .() we know that E q,q (-t q λ) is continuous on t ∈ J, and thus E q,q (-t q λ) is uniformly continuous on t ∈ J. Hence, for any ε > , there is a sufficiently small δ >  such that, for t  , t  ∈ J with |t  -t  | < δ, we have
and σ  = -. Then σ  > , σ  > , and
By the Hölder inequality we have
This yields that P is equicontinuous on the interval J k . Combining the above arguments and the PC-type Arzelà-Ascoli theorem (Lemma . in the case X = R), we conclude that P : B r → B r is compact and completely continuous. Then it follows from Lemma . that problem (.) has at least one solution. This completes the proof.
Examples
In this section, we give two examples to illustrate our main results. . For u  , u  , v  , v  , ω  , ω  ∈ R and t ∈ J, we have
It 
